Grains, brans, and vegetable meals may contain non-starch polysaccharides (NSP), which increases viscosity in the gastrointestinal tract (GIT) and interfere with the digestion and absorption of nutrients. This study aimed to evaluate the performance and determine the metabolizable energy of a sorghumbased broiler diet with and without the supplementation of an enzymatic complex. The experiments were conducted in a completely randomized design with 1200 chickens, using sorghum-based feed with and without the addition of 50 g of enzyme-CCE complex (β-glucanase and β-xylanase), and with two levels of metabolizable energy (ME kg -1 ): ME; ME + CCE; reduced ME (-50 kcal kg -1 ); and reduced ME + CCE. The data were subjected to an analysis of variance and the means were compared using a Tukey's test at the 5% significance level. At 42 and 47 days of age, the living weight of the birds fed with the reduced ME was low, while birds fed with reduced ME + CCE had the same weight as those fed with other energy diets (ME and ME + CCE). Feed conversion was poorest at 47 days of age for the birds on reduced ME diet. In the metabolic test (with fattening diets) to determine AME and AMEn, the reduced ME diet had the lowest result, confirming the effect of the addition of enzymes. The addition of CCE to sorghum-based diets provides enough enzymatic activity to increase the metabolizable energy of the diet (50 kcal of AME) and influence the growth performance of broilers at the slaughtering age. 
Introduction
The extraordinary growth in the physical and economic productivity of broilers has been supported by a new generation of technology in the areas of genetics, ambience, nutrition, and poultry health. Broiler diets are prepared with 80-85% cereals, such as corn and sorghum, which are the main sources of energy, and with toasted soybean meal, which is the most important source of protein.
Together, these cereals account for about 80% of the feed cost, and despite their importance, each of these ingredients is known to contain varying concentrations of anti-nutritional factors such as non-starch polysaccharides (NSP), phytate, tannin, protease inhibitors, and alpha-amylase inhibitors (CHOCT; HUGHES, 1999) that can adversely affected the digestive efficiency in animals.
Non-starch polysaccharides (NSPs) and lignin are the main components of dietary fiber (GDALA, 1998) , while in cereals (KNUDSEN, 1997) there is an inverse relationship between the concentration of starch and dietary fibers. The main NSPs present in cereals are the β-glucans and pentosans (GUENTER, 2002) , whose water-soluble fraction increases the viscosity of the fluids in the gastrointestinal tract, reducing enzyme-substrate interaction and impairing the bioavailability of nutrients. Exogenous enzymes may eliminate anti-nutritional factors in many foods, or increase the availability of glucose, proteins, and minerals enclosed in plants cell walls, or bind in a chemical form that the animal is unable to degrade (ROSSI; TEWIS, 2001 ).
The enzymatic activity of β-xylanase and β-glucanase has been evaluated in broiler diets that include different wheat cultivars, and they were found to improve the utilization of nutrients (nitrogen and dry matter) and metabolizable energy, and reduce viscosity (CHOCT et al., 1999; SALOBIR, 1998) . The same results were observed in broiler diets that included barley (SALOBIR et al., 2000) . Zanella et al. (1999) , using corn-based diets with toasted or extruded soybean meal, concluded that enzyme supplementation improved body weight by 1.9% and the feed conversion rate by 2.2%. Oba et al. (2013) , studying laying hens, showed that the addition of an enzyme complex to diets based on corn and soybean meal did not improve the birds' performance, eggshell and internal egg quality, dry matter and mineral content in the excreta, or microbiology of the contents of the small intestine. However, there was a significant linear increase in pH and a lower viscosity of digesta within the small intestine when levels of the enzyme complex were increased.
This study was conducted to evaluate the growth performance of broilers from one to 47 days old when fed diets based on sorghum and soybean meal that were supplemented with a commercial enzymatic complex (β-glucanase and β-xylanase), and to determine the metabolizable energy of these diets.
Material and Methods
Our experiments were carried out at the Experimental Broiler Farm, Fazenda do Glória, Universidade Federal de Uberlândia in Uberlândia, Minas Gerais. The experimental shed was built on masonry, with a metal frame, an asbestos roof, side walls of wire mesh, a ceiling lined with a specific plastic used in poultry production, and sides protected with yellow curtains of the same plastic. The birds were placed in pens (1.90 × 1.50 m) equipped with a bell drinkers and tubular feeder with a capacity of 25 kg. In the early days, heating was carried out with infrared brooding, one for every four pens. During the rearing and completion stages, the house environment was controlled with the aid of ventilators and nebulizers via a thermostat and electronic control panel.
Birds of the Cobb-Vantress breed were raised from accommodation (one day old) until the age of slaughter (47 days old), and equal numbers of males (15) and females (15) were placed in each pen. The birds were reared throughout the experiment following the common rearing practices of research farms.
The experimental design was completely randomized, consisting of four treatments and ten replicates, for a total of 1200 birds. The treatments consisted of diets based on sorghum and soybean meal with four different metabolizable energy types: ME; ME + CCE; Reduced ME; and Reduced ME + CCE.
A commercial enzyme complex (Rovabio EXCEL AP®), originating from the fermentation process of Penicillium funiculosum and containing endo-1,4-β-xylanase (22,000 pcs mistletoe g -1 equivalent to 1400 pcs AXC g -1 ) and endo-1,3(4)-β-glucanase (2000 AGL units g -1 ), was added to the feed at a dose of 50 g t -1 , with the hypothesis that this amount will contribute 50 kcal of AME kg -1 diet. The diets contained sorghum, soybean meal, degummed soybean oil, dicalcium phosphate, limestone, salt (NaCl), vitamin and mineral premix, DL-methionine, and L-lysine (Table 1) , and the feed was offered to the birds as follows: pre-starter phase (0.300 kg bird -1 ), initial phase (0.900 kg bird -1 ), fattening phase (2.500 kg bird -1 ), and slaughter phase (1.500 kg bird -1 ). During each phase, the feed and water were offered ad libitum, and the birds had a constant natural/artificial light program throughout the experiment.
To assess the performance traits (feed intake, body weight gain, and feed conversion), the birds and the leftover food were weighed weekly. Mortality and dead weight were recorded daily to calculate feasibility. Feed conversion was calculated based on the relationship between feed intake and liveweight, after accounting for the weight of dead birds.
In parallel with the performance study, an experiment was conducted to determine the apparent metabolizable energy (AME) and metabolizable energy corrected for nitrogen (AMEn) using 21 cages (0.50 × 0.50 × 0.50 m) equipped with a background of wire mesh and a metal tray. Four birds (two males and two females), 18 days of age and with the same body weight, were placed in each cage, and each cage was considered an experimental unit. Water and diets were renewed twice a day, and drinkers removed and washed in the morning and afternoon. Excreta were sampled in the morning and late in the day, and the samples were transferred to a small plastic bucket properly closed and numbered according to each cage. The design of the experiment was completely randomized, composed of four treatments and five repetitions, totaling 80 birds. The fattening diets used were the same as in the live performance experiment. Table 1 . Composition and nutritional levels of the experimental diets used in the following treatments: ME (A); ME + 50g CCE (B); reduced ME (C); reduced ME + 50g CCE (D).
Ingredients
Pre-starter The metabolic test was based on the total collection method of excreta (SIBBALD; SLINGER, 1963) for chickens aged 18 to 25 days, using the same animals as in the performance trial; therefore, only three days of adaptation to experimental diets and the new environment were needed, and five days for excreta collection. At the end of the experiment, feed intake of each experimental unit was calculated and the excreta were weighed. Homogenized excreta samples were placed in a circulating air oven at 55 °C for preliminary drying and later were subjected to physical and chemical analysis to determine dry matter % (DM), nitrogen content (%), ether extract % (EE), and gross energy (kcal kg -1 ) (BRASIL, 2009). Apparent metabolizable energy and AMEn were measured following Matterson et al. (1965) .
The data were subjected to an analysis of variance (ANOVA) and the means were compared by the Tukey's test at a 5% significance level using the statistical program ESTAT (ESTAT -System for Statistical Analysis, version 2.0, Department of Physical Sciences, FCAV, UNESP, Jaboticabal, SP).
Results
At 42 days, the effect of adding enzymes to the diet during the rearing period can be observed, as shown in Table 2 . Feed intake was not affected by dietary energy levels, including diets made with lower energy concentrations (reduced ME), just as there was no effect from the added enzymes in the ME + CCE or reduced ME + CCE treatments (P = 0.09). The average body weight at 42 days was low (P = 0.03), when the treatment consisted of a diet with 50 kcal reduced ME kg -1 (reduced ME). No effect of β-xylanase and β-glucanase on the average weight was observed when the enzymes were added to diets with higher energy content (ME + CCE), but in the diets with reduced ME + CCE, where the energy content was lower, body weight was significantly higher, matching the results of the higher energy diet (ME). Feed conversion (P = 0.07) and feasibility (P = 0.137) were not affected by the treatments.
At 47 days of age, feed intake was not influenced (P = 0.117) by the energy levels in diets formulated with ME and reduced ME, nor when enzymes were added (ME + CCE and reduced ME + CCE diets) ( Table 3 ). The average body weight of broilers at 47 days of age was significantly lower (P = 0.04) when the feed offered throughout their growth contained 50 kcal less ME kg -1 (reduced ME) than in the treatments with ME and ME + CCE, or the treatments with reduced ME + CCE, where the enzyme complex was added to the least-energy diets. The addition of β-xylanase and β-glucanase enzymes did not increase body weight when added to diets with higher energy content (ME + CCE). With addition of the enzymes, however, the reduced ME + CCE treatment, in which the energy content was lower (ME less 50 kcal kg -1 ), resulted in a weight gain that was significantly higher than that seen with unsupplemented feed, equaling the results from ME and ME + CCE.
Feed conversion in the reduced ME treatment was significantly worse (P = 0.037) than in other treatments, but the reduced ME treatment + CCE, with the enzyme addition, resulted in a feed conversion rate equal to the ME with and without enzyme treatments. Feasibility showed no differences between treatments (P = 0.125) The ME and ME + CCE diets were formulated to contain the same amount of energy, and the addition of β-xylanase and β-glucanase did not result in an increase in energy digestibility, resulting in similar AME values.
The diets of the reduced ME treatment were formulated to contain approximately 50 Kcal ME kg -1 less than the ME treatments. The values of apparent metabolizable energy (AME) (P = 0.042) and AMEn (P = 0.038) found in this experiment were significantly different between the ME and reduced ME: the absolute differences found for AME were 73 kcal kg -1 and for AMEn were 79 kcal/ kg (Table 4) . Table 4 . Effect of addition of β-xylanase and β-glucanase on the value of apparent metabolizable energy (AME) and apparent metabolizable energy corrected for nitrogen (AMEn) in broiler fattening feed.
Treatment AME (kcal kg -1 ) AMEn (kcal kg -1 ) ME 3.457a 3.254a ME + CCE 3.497a 3.276a Reduced ME 3.384b 3.175b Reduced ME + CCE 3.483a 3.296a CV 1.47 1.78 SE 0.067 0.084 P value 0.042 0.038
The means with different letters are significantly different by Tukey's test with P < 0.05. CV: coefficient of variation; SE: standard error.
Discussion
In both age groups, 42 and 47 days, feed intake was not influenced by the energy value of the diets, nor by the addition of enzymes to the diets. The reduced ME diet was formulated to have a lower energy content of 50 kcal compared with the ME diet, and this energy difference (apparent metabolizable energy and AMEn) was confirmed in the metabolic test with fattening feed.
The results show that the energy reduction was not enough to affect feed intake. According to Leeson (1999) , reducing the energy level of diets usually leads to increased feed intake and poorer feed conversion, probably because the birds start to eat more in order to maintain their daily level of energy intake. However, this study showed that the use of β-glucanase and β-xylanase corrected the energy level of the reduced diets, making it unnecessary for the birds to consume more food to offset their nutritional requirements.
The reduced ME treatment was formulated to contain 50 kcal less than the ME treatment, while the enzyme supplementation (reduced ME + CCE) was provided to cover for this difference. The body weight results obtained for both ages show that this hypothesis was confirmed. Furthermore, when comparing the results of the metabolism assay performed with fattening feed, this conclusion is again supported when the apparent metabolizable energy and AMEn values were found to be similar to those from ME and reduced ME + CCE, and smaller than the values for the reduced ME diet. The reduced ME + CCE treatment, on the other hand, had AME and AMEn values similar to those obtained in the assay for the ME diet with and without the addition of enzymes, indicating that the enzyme complex promoted the recovery of the energy value of the diet.
Comparing the absolute results for AME and AMEn from the fattening diet with reduced ME (3384 and 3175), with those from the reduced ME + CCE diet (3483 and 3296), it appears that there was an increase of 2.92% and 3.81% in dietary energy content, respectively. Fernandes et al. (2007) evaluated the metabolizable energy and digestibility of broiler feed supplemented with an enzyme complex based on amylase, protease, and xylanase in corn and sorghum diets, where the energy value of the food matrix, in the feed formulation software, was increased by 130kcal/kg, and they observed that the values of metabolizable energy, metabolizable energy corrected for nitrogen, protein, and fat digestibility were similar to the control treatment for grains. Leite et al. (2011) demonstrated that an enzymatic complex based on amylase, protease, pectinase, β-glucanase, pentosanase, cellulose, and phytase in added to sorghum diets provided better digestibility of fat, nitrogen, metabolizable energy, and dry matter.
A reduction in body weight on the reduced ME + CCE treatment in the two age groups, similar to that on the ME diet, demonstrates that the inclusion of enzymes in a diet based on sorghum and soybean meal increases its energy value. This finding coincides with the results reported by Zanella et al. (1999) , who observed a gain of 1.9% in body weight on a diet of corn and soybean. Yu and Chung (2004) compared the results from broilers fed diets with low and high energy levels, and concluded that weight gains were similar between treatments due to supplementation of the less energetic diets with amylase, xylanase, and protease, which demonstrates the effectiveness of these products with corn and soybean meal ingredients. Similar results were found by Cuevas et al. (2002) , who assessed the addition of xylanase, amylase, and protease to sorghum and soybeanbased diets with normal nutrient levels and with reduced levels (minus 3%) of crude protein and metabolizable energy. They found, in broilers at 49 days of age, that feed intake and feed conversion improved significantly with the addition of enzymes to the two diets. Opalinsk et al. (2006) showed that supplementation with an enzyme complex (xylanase, glucanase, mannanase, pectinase, and protease) in chickens fed with corn, soybean meal, and disabled integral soybean with normal levels of nutrients, increased feed intake by 3% and weight gain by 2.5% compared to a diet without such supplementation.
Broilers fed with the ME + CCE diet had similar body weights compared to the birds fed with ME, demonstrating that the enzymatic complex had no significant effect. Possibly the energy levels of the ME treatment were sufficient for maximum response from those broilers, and were not influenced by the possible energy increase. These findings are in line with those of Sims et al. (2001) , who demonstrated that the addition of enzymes to high-energy diets did not influence performance traits.
At 42 days of age there was no difference between treatments in feed conversion (P = 0.07), while at 47 days of age it was found that chickens fed reduced ME diets had significantly lower feed conversion than birds that received other treatments. Feed conversion with reduced ME + CCE diets was similar to that with the ME diet, and this leaves no doubt that enzymatic complex supplementation of lower-energy diets released nutrients, in sufficient concentrations, for the birds to achieve a performance equal to those fed higher-energy diets. This result appears to agree with the findings of Zanella et al. (1999) who observed a feed conversion gain of 2.2% in a diet based on corn and soybean meal. In addition, a number of authors including Ouhida et al. (2000) , studying diets of corn, barley, and wheat; Daenicke et al. (2000) studying rye diets containing a mixture of beef tallow and soybean oil; Iji et al. (2001) studying a variety of low energy wheat diets; and Sims et al. (2001) studying a diet of maize, soybean flour, and poultry products, all found that the addition of exoenzymes containing β-glucanase and β-xylanase significantly improved the feed conversion of chickens at slaughter age. The calculated values in the metabolism test for the fattening diet were a real contribution of 99 kcal of apparent metabolizable energy kg -1 , or 121 kcal of AMEn kg -1 , confirming the results.
It is worth highlighting that, although most of these studies have used corn as the main energy source and the diets of our study were made with sorghum, there is nevertheless a great similarity between these two nutritious grains, a fact well demonstrated by Bornstein and Bartov (1967) and Diniz et al. (2002) , and this makes comparisons with earlier studies appropriate.
Conclusions
The addition of the enzyme complex demonstrated that enzymatic activity in diets based on sorghum and soybean meal was sufficient to influence the performance of broiler chickens to 47 days. The addition of the enzyme complex enhanced the enzymatic digestion process in the gastrointestinal tract, resulting in an increase of at least 50 kcal ME kg -1 until slaughter, and permitted the preparation of a diet with lower energy content. In the fattening diet, the contribution of the enzyme complex to the digestive process was 99 kcal of apparent metabolizable energy kg -1 and 121 kcal of AMEn kg -1 .
